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Heavy metal treatment is crucial to mitigate these elements' adverse 
environmental impacts. Among various remediation methods, adsorption 
stands out due to its simplicity and high efficiency. In this context, Placuna 
placenta shell, a biowaste, has been explored for its potential in treating 
wastewater contaminated with Pb(II) ions. This research was designed to 
assess the Placuna placenta shell's proficiency in removing Pb(II) ions 
from aqueous solutions. The study involved two main components: an 
adsorption test to evaluate the heavy metal removal capability of the 
Placuna placenta shel and a comprehensive characterization of the shell-
based adsorbent. The adsorption experiments were conducted using a 
batch system, where variables such as pH levels and contact time were 
meticulously altered to determine their effect on the adsorption efficiency. 
Concurrently, the adsorbent underwent thorough characterization through 
Fourier-Transform Infrared Spectroscopy (FTIR), Scanning Electron 
Microscopy (SEM), and X-ray Diffraction (XRD) analysis. The 
experimental findings indicated that the optimal conditions for maximum 
Pb(II) ion removal were achieved at a pH of 7 and a contact time of 120 
minutes. The FTIR analysis of the adsorbent revealed the presence of 
calcium carbonate (CaCO3), a finding further substantiated by the XRD 
analysis results. Additionally, SEM imaging provided visual evidence of 
metal ion deposition on the aggregates of the adsorbent. The study 
demonstrated that the Placuna placenta shell exhibits promising qualities 
as an adsorbent for removing heavy metals from contaminated water 
sources. This finding highlights the potential of utilizing biowaste in 
environmental remediation and offers a sustainable approach to 
addressing heavy metal pollution. 
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INTRODUCTION 

Wastewater containing lead presents a 

significant challenge in aquatic ecosystems. 

This study addresses this issue by utilizing 

shell—waste as an adsorbent to remove 

lead ions. Aquatic environments are 

https://jurnal.uns.ac.id/jkpk
http://dx.doi.org/10.20961/jkpk.v8i3.
http://creativecommons.org/licenses/by-sa/4.0/
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Susceptible to pollution from various sources, 

including organic substances, inorganic 

materials, and heavy metals. For example, 

industrial activities such as tofu production 

contribute to organic pollution, leading to water 

odor issues. Additionally, the challenge of 

degrading plastic waste poses a major 

environmental concern. Industries engaging in 

activities like electroplating release heavy 

metals, contributing to the deterioration of water 

quality. 

The presence of these pollutants 

significantly affects the quality of aquatic 

ecosystems and poses risks to human health. 

Therefore, safeguarding aquatic environments 

from such contaminants is imperative. This 

requires the collective effort of all stakeholders, 

including industries, government agencies, and 

the general public. Among the pollutants, heavy 

metals from industrial activities substantially 

threaten human health with potential 

carcinogenic effects. These metals include lead 

(Pb), chromium (Cr), copper (Cu), nickel (Ni), 

zinc (Zn), cadmium (Cd), and mercury (Hg), all 

of which are highly toxic to humans. A notable 

example illustrating the severe impact of heavy 

metal pollution is the Minamata case [1], where 

mercury accumulation in seafood led to 

devastating health consequences, including 

neurological disorders, mental impairments, and 

developmental issues in embryos. 

Lead (Pb) is a particularly concerning 

heavy metal pollutant [2]. Its adverse effects on 

human health become significant when 

concentrations exceed safe levels. Even at low 

concentrations, lead can accumulate in the 

tissues of living organisms and travel 

considerable distances from its source in the 

environment. Sources of lead pollution include 

mining, industrial activities, and water 

distribution systems with lead plumbing [3]. 

Reports have documented lead's negative 

impacts on human health, such as accumulation 

in the liver and nerve damage [4]. Furthermore, 

workers exposed to lead have reported issues 

with sleep quality and digestive system 

disturbances [5]. This study explores an 

innovative approach to mitigate lead pollution in 

aquatic systems by repurposing shell waste as 

an efficient adsorbent, thereby contributing to 

environmental protection and public health. 

In addressing heavy metal pollution, 

various methods, such as chemical precipitation, 

adsorption, ion exchange, membrane filtration, 

and electrochemical treatments, have been 

employed [6-9]. Chemical precipitation involves 

using chemical reagents to form insoluble 

precipitates of heavy metals. Ion exchange, an 

advanced technique, utilizes resins to replace 

ions in the resin with heavy metal ions from the 

treated water. Adsorption, a widely adopted 

method, involves the accumulation of heavy 

metals on the surface of an adsorbent material. 

Membrane filtration techniques have also been 

explored for heavy metal treatment [7,8], and the 

electrochemical method has garnered interest 

for its efficiency in heavy metal removal [9]. 

Among these, adsorption stands out for 

its simplicity, ease of operation, and cost-

effectiveness. It is versatile and capable of 

removing various metal types, including Pb, Cr, 

Cu, Ni, Zn, and Cd. A critical aspect of 

adsorption treatment is the selection of 

appropriate adsorbents. Various adsorbents 

from waste materials or readily available natural 

resources have been utilized. Utilizing waste-

derived adsorbents is particularly advantageous 

as it conserves natural resources and 

contributes to waste valorization, turning waste 

into valuable resources. 

https://pubmed.ncbi.nlm.nih.gov/33931814/
https://scholar.unair.ac.id/en/publications/adsorption-of-pbii-from-aqueous-solution-using-mixture-of-tofu-so
https://link.springer.com/article/10.1007/s11270-019-4312-9
https://pubmed.ncbi.nlm.nih.gov/36227414/
https://pubmed.ncbi.nlm.nih.gov/30805730/
https://link.springer.com/article/10.1007/s10311-019-00891-z
https://onlinelibrary.wiley.com/doi/full/10.1002/jccs.201600266
https://link.springer.com/article/10.1007/s10311-019-00861-5
https://www.sciencedirect.com/science/article/pii/S1878535214000963
https://onlinelibrary.wiley.com/doi/full/10.1002/jccs.201600266
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Several agricultural and agroforestry by-

products have been successfully repurposed as 

adsorbents. These include orange peels from 

juice factories, nut shells from cashew 

processing, rice husk from rice mills, sawdust 

from woodworking, wheat straw from cereal 

harvests, and sugarcane bagasse from sugar 

production [10-13]. Additionally, waste from 

aquaculture activities, such as clam shells and 

prawn shells, has been effectively employed as 

adsorbents [14,15]. Exploring these diverse 

waste materials for heavy metal treatment offers 

an environmentally sustainable solution that 

aligns with circular economy principles and 

environmental conservation. 

Shell waste from mariculture, 

particularly from species like Placuna placenta, 

holds considerable potential as an adsorbent 

material. The high consumption rate of clams 

correlates with the significant amount of shell 

waste produced. However, the utilization of 

Placuna placenta shell waste still needs to be 

explored, with limited applications primarily in 

decorative contexts. The broader use of such 

shell waste from food processing or mariculture 

activities is yet to be fully optimized. Without 

proper management, this accumulation of shell 

waste can lead to environmental disturbances, 

including aesthetic degradation, odor issues, 

and the attraction of disease vectors. 

Shells from marine organisms typically 

comprise calcium carbonate (CaCO3) in forms 

like aragonite or calcite. Reports suggest that 

heavy metals can adhere to the surface of 

calcium carbonate, indicating the potential of sea 

shell materials as adsorbents for toxic 

contaminants, including heavy metal wastes 

[16,17]. 

There are documented instances of using 

sea material shells as adsorbents for heavy 

metal removal. For example, clamshell waste 

has been reported to remove Ni(II), with optimal 

adsorption occurring within 10 minutes at a pH 

of 6 [18]. Oyster shell waste has demonstrated 

efficacy in removing Pb(II) and Cu(II), achieving 

removal rates of 99.9% for Pb(II) and 57.1% for 

Cu(II) within a 60-minute contact time at an 

optimum pH of 5.9 [19]. Mahogany sawdust has 

also been utilized for lead adsorption [20]. 

Despite the increasing interest in using 

waste as an adsorbent, published research is 

still being conducted, specifically on Placuna 

placenta shell waste and its effectiveness in 

heavy metal removal. Consequently, this 

research aims to investigate the characteristics 

of Placuna placenta shell waste and assess its 

performance in extracting Pb(II) from aqueous 

solutions, thereby contributing valuable insights 

to waste utilization and environmental 

remediation. 

 

METHODS  

1. Materials 

The adsorbent utilized in this study was 

derived from Placuna placenta shells sourced 

from a traditional market in Surabaya, East 

Java, Indonesia. Bivalvia shells, known for their 

calcium carbonate content, are reported to 

remove heavy metals effectively. These shells, 

byproducts of market activities, were selected 

for their potential in environmental remediation 

applications. The chemical reagents involved in 

this study included Pb(NO3)2 for preparing the 

Pb(II) solution, with HCl and NaOH solutions 

employed for pH adjustments. 

 

2. Preparation and Characterisation of 

Adsorbent 

The Placuna placenta shells were 

initially thoroughly washed with running water, 

followed by soaking and rinsing in 

https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-020-00320-y
https://iopscience.iop.org/article/10.1088/1757-899X/1058/1/012015
https://www.frontiersin.org/articles/10.3389/fmats.2021.762568
https://www.sciencedirect.com/science/article/pii/S2589014X21001663
https://www.mdpi.com/2079-9276/8/1/13
https://pubmed.ncbi.nlm.nih.gov/32533472/
https://www.researchgate.net/publication/362838588_REMOVAL_OF_NICKEL_FROM_WATER_BY_ADSORPTION_METHOD_USING_CLAM_SHELLS
https://www.sciencedirect.com/science/article/pii/S0045653520310961
https://jurnal.uns.ac.id/jkpk/article/view/59757
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demineralized water. The shells were dried 

under sunlight and in an oven to eliminate water 

content. The drying process under the sun, 

aided by the heat and wind, helped reduce the 

water content significantly. Post-sun-drying, the 

shells were oven-dried at 90 °C until a constant 

mass was achieved. The dried shells were 

ground and passed through a 200-mesh sieve 

to produce a fine adsorbent powder. This 

powdered adsorbent was further treated with 

heat treatments at 90 °C, 500 °C, and 800 °C 

for six hours. The powder was sieved again 

through a 200-mesh sieve to standardize the 

particle size for each heat treatment variation. 

The point of zero charge (pHpzc) was 

determined using a 0.01 M NaCl solution and 1 

g of the adsorbent. Solutions with pH values 

ranging from 2 to 12 were agitated at 120 rpm 

for eight hours at room temperature. At pH 

values above pHpzc, the adsorbent surface 

carries a negative charge, theoretically 

enhancing cation adsorption. The chemical 

composition of the adsorbent was analyzed 

using Fourier Transform Infrared Spectroscopy 

(FTIR Spectrometer iS10). X-ray diffraction 

assessed the adsorbent’s crystalline chemical 

content, while Scanning Electron Microscopy 

(Inspect-S50) examined the surface 

morphology. 

 

3. Preparation of Pb(II) Solution 

A Pb(II) solution was prepared by 

dissolving a measured amount of Pb(NO3)2 in 

demineralized water, resulting in a 25 mg/L 

working solution concentration. The solution’s 

pH was adjusted using HCl and NaOH 

solutions, facilitating the study of adsorption 

effectiveness under various pH conditions. 

 

 

4. Batch Adsorption Experiments 

The batch adsorption experiments were 

conducted to assess the effectiveness of the 

Placuna placenta shell-based adsorbent in 

removing Pb(II) ions. Three different heat 

treatments were applied to the adsorbent: 90 °C, 

500 °C, and 800 °C, to study the impact of 

temperature on adsorption efficiency. In each 

experiment, 100 mL of Pb(II) solution (25 mg/L) 

was mixed with 1 g of the heat-treated adsorbent. 

The mixtures were then agitated at room 

temperature at 120 rpm for 120 minutes. 

Afterward, the concentration of Pb(II) ions 

remaining in the solution was measured using 

atomic absorption spectroscopy (AAS). Each 

experiment was replicated three times to ensure 

reliability. 

The influence of pH on Pb(II) adsorption 

was examined using a range of pH values: 2, 3, 

4, 5, 6, 7, and 8. This range was selected to mimic 

the pH levels commonly found in natural 

wastewater, with the upper limit set at pH 8 to 

prevent the precipitation of Pb(II) ions. The 

adsorbent, subjected to 800 °C heat treatment, 

was used in these tests. The contact time was 

120 minutes to maximize Pb(II) adsorption. 

Additionally, the impact of contact time on 

adsorption efficiency was investigated using 

various time intervals: 1, 5, 15, 30, 45, 60, 75, 90, 

105, and 120 minutes. During these tests, the pH 

was fixed at 6, and the adsorbent had undergone 

the 800 °C heat treatment. 
 

5. Data analysis 

The adsorption efficiency of Pb(II) ions 

was calculated using each variable's initial and 

final metal concentrations in the solution. The 

efficiency was determined using the following 

formula [20]: 

Efficiency = 
𝐶𝑜−𝐶

𝐶𝑜
 x 100%                      (1)                          

https://jurnal.uns.ac.id/jkpk/article/view/59757
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C0 represents the initial metal 

concentration (mg/L), and C signifies the final 

metal concentration (mg/L) post-adsorption. 

This formula quantifies the adsorbent's capacity 

to reduce Pb(II) ion concentration in the 

solution, clearly measuring its effectiveness 

under various experimental conditions. 

 

RESULTS AND DISCUSSION 

.1. Effect of Heat Treatment Temperature 

Variation on Placuna placenta shells on 

Pb(II) Ions Removal 

Investigating the effect of varying heat 

treatment temperatures on Placuna placenta 

shells for Pb(II) ion removal revealed significant 

findings. The experimental results showed that 

the Pb(II) ion removal efficiencies for 

adsorbents treated at 90 °C, 500 °C, and 800 

°C were 34.01%, 82.90%, and 89.55%, 

respectively, as depicted in Figure 1. This data 

indicates that adsorbents subjected to higher 

heat treatments exhibit greater efficiencies in 

removing Pb(II) ions. Consequently, the 

adsorbent treated at 800 °C was selected for 

further experimentation due to its superior 

Pb(II) ion removal efficiency compared to those 

treated at 500 °C and 90 °C. 

The enhanced performance of the 

adsorbent treated at 800 °C can be attributed to 

several factors. First, high-temperature heating 

facilitates the thermal decomposition process, 

effectively eliminating organic impurities that 

might still be present in the adsorbent. This 

purification step is crucial for improving the 

adsorbent's efficacy. The high-temperature 

treatment transforms the adsorbent's crystalline 

structure. Specifically, calcite is converted from 

aragonite to calcite, the predominant form. This 

crystal change is pivotal because calcite 

structures are known for their enhanced 

adsorption capabilities. 

 

Figure 1. Effect of Heat Treatment of Adsorbent 

on Pb(II) Ions Removal 

 

Another important aspect of high-

temperature treatment is its impact on the 

adsorbent's surface area. Heating at elevated 

temperatures tends to increase the surface 

area of the adsorbent. A larger surface area 

provides more sites for Pb(II) ion adsorption, 

enhancing overall adsorption capacity. This 

increase in surface area, combined with the 

removal of impurities and structural 

transformation of the adsorbent, results in a 

more effective medium for removing Pb(II) ions 

from aqueous solutions. 

 

2. Effect of Initial pH Variation on Pb(II) Ions 

Removal 

The study on the effect of pH on the 

removal efficiency of Pb(II) ions using seashell 

waste-based adsorbent revealed crucial 

insights. The pH values tested ranged from 2 to 

8, and the corresponding removal efficiencies 

for Pb(II) ions were 36.5%, 53.81%, 68.80%, 

82.71%, 89.80%, 90.87%, and 90.78%, as 

illustrated in Figure 2. The data indicated that 

the lowest removal efficiency occurred at a pH 

of 2, while the highest efficiency was observed 

at pH 7. 
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Figure 2. Effect of pH on Pb(II) Ions Removal 

 

Figure 2 demonstrates a significant 

enhancement in the efficiency of removing Pb(II) 

ions from pH 2 to 6. The pivotal role of pH in the 

adsorption process is well-documented. pH 

affects both the speciation of metal ions and the 

surface charge of the adsorbent, which in turn 

influences the removal efficiency of Pb(II) ions. 

At a lower pH level (pH 2), the high 

concentration of H+ ions in the solution competes 

with Pb(II) ions for adsorption sites, reducing 

removal efficiency. Conversely, as the pH 

increases, the concentration of H+ ions 

decreases, enhancing the adsorption of Pb(II) 

ions due to the reduced competition for 

adsorption sites. This trend aligns with findings 

from previous research utilizing mussel shell 

waste as an adsorbent for Pb(II) ion removal 

[22]. 

Pb(II) ions can precipitate at basic pH 

levels, further aiding their removal. However, 

the study found that pH 7 was the most effective 

for Pb(II) ion removal, as there was no 

significant increase in removal efficiency at pH 

levels higher than 7. This finding is particularly 

relevant considering that the optimal pH range 

for water used in daily activities is typically 

between 6 and 7. Therefore, the seashell 

waste-based adsorbent demonstrates 

promising potential for Pb(II) ion removal in 

environmentally relevant pH conditions 

 

3. Effect of Contact Time Variation on 

Pb(II) Ions Removal 

The study of contact time's influence on 

heavy metal removal efficiency by adsorbents 

revealed significant insights into the adsorption 

dynamics. In adsorption processes, three main 

stages are typically identified: film diffusion, 

pore diffusion, and mass action. These stages 

represent different phases of adsorbate 

movement and interaction with the adsorbent. 

 
Figure 3. Effect of Contact Time on Pb(II) 

Ions Removal 
 

Film and pore diffusion are predominant 

during the initial phase of adsorption. Here, the 

contaminant passes through a boundary layer 

surrounding the adsorbent (film diffusion) and 

then diffuses through the pores of the 

adsorbent (pore diffusion). The final stage, 

mass action, occurs towards the latter part of 

the process, where adsorption happens on the 

inner surfaces of pores and within the capillary 

spaces of the adsorbent. 

Optimal contact time is important for 

maximum adsorption efficiency. Shortening a 

contact time may not allow the adsorbent to 

https://www.mdpi.com/1996-1944/14/4/741
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reach its full pollutant adsorption capacity. In 

contrast, an overly prolonged contact time 

might not significantly increase the adsorption 

capacity due to saturation. 

In the experiments, varying contact times 

have yielded different removal efficiencies for 

Pb(II) ions, as shown in Figure 3. The 

efficiencies recorded were 4.55%, 15.42%, 

28.22%, 44.30%, 60.55%, 72.53%, 77.29%, 

88.46%, 90.35%, and 91.82% for increasing 

time intervals. Film and pore diffusion were 

observed in the first 90 minutes of contact, 

while mass action predominantly occurred 

between 90 and 120 minutes. 

The initial sharp increase in Pb(II) ion 

adsorption (up to 105 minutes) can be 

attributed to the ample availability of active sites 

on the adsorbent's surface. These active sites, 

represented by functional groups capable of 

interacting with heavy metals, play a critical role 

in adsorption. As contact time increases, these 

active sites become saturated, leading to a 

plateau in adsorption efficiency. This pattern of 

adsorption behavior aligns with findings from 

other studies, such as using oyster shell waste 

for lead ion removal [23], indicating a consistent 

trend across different adsorbents. 

 

4. Adsorption Kinetics 

  Two kinetics models were used to 

study the adsorption rate: pseudo-first-order 

and pseudo-second-order models. The 

equation for the pseudo order model is [20]: 

𝑙𝑜𝑔(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 −  
𝑘1

2.303
𝑡  (2)  

The pseudo-second-order model is given by the 

following equation [20]: 
𝑡

𝑞𝑡
 

1

𝑘2 𝑞𝑒2 + 
1

𝑞𝑒
𝑡      (3)             

Where: 
qe = mass of adsorbate that was adsorbed in equilibrium (mg/g) 

qt  = mass of adsorbate, which was adsorbed at time t (mg/g)  

t   = time of adsorption (min) 

k1 = pseudo first order adsorption rate (/min) 

k2 = pseudo-second-order adsorption rate (/min) 

The adsorption kinetics of lead ion 

(Pb(II)) removal using shell waste as an 

adsorbent were examined through two 

common kinetic models: the pseudo-first-order 

and pseudo-second-order. The correlation 

coefficient (R²) values derived from these 

models provide insights into which kinetic 

model more accurately describes adsorption. 

Figures 4 and 5 display the plots for the 

pseudo-first-order and pseudo-second-order 

models, respectively. In these plots, the 

pseudo-first-order model is represented by the 

relationship log(qe-qt) versus time (t). In 

contrast, the pseudo-second-order model is 

represented by t/qt versus time (t). 

The R² value for the pseudo-first-order 

model was found to be 0.9447, indicating a 

good fit but not as close to the ideal value of 1. 

In contrast, the pseudo-second-order model 

yielded a higher R² value of 0.9756, suggesting 

a closer fit to the experimental data. A higher R² 

value, closer to 1, signifies a better model fit to 

the observed data. Therefore, based on the R² 

values, this study's adsorption kinetics of Pb(II) 

ions removal align more accurately with the 

pseudo-second-order model. This model posits 

that the adsorption rate is proportional to the 

square of the number of unoccupied sites, 

implying chemisorption as the dominant 

mechanism. Chemisorption involves a 

chemical bond between the adsorbate (Pb(II) 

ions) and the adsorbent (shell waste), indicating 

a strong interaction between them. Such a 

chemisorption process often involves chelation 

and complexation facilitated by the functional 

groups in the adsorbent. These mechanisms 

are consistent with the nature of chemisorption, 

where the adsorbate forms a chemical bond 

with the adsorbent, leading to a more 

permanent and stable interaction. 

https://www.sciencedirect.com/science/article/pii/S2589014X21000864
https://jurnal.uns.ac.id/jkpk/article/view/59757
https://jurnal.uns.ac.id/jkpk/article/view/59757
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Figure 4. Pseudo First Order Kinetics Model Plot 

Figure 5. Pseudo Second Order Kinetics Model Plot 

 

The similarity of these findings with those 

of previous studies, such as the use of oyster 

shell waste for Pb(II) removal [23], further 

reinforces the applicability and reliability of the 

pseudo-second-order model in describing the 

adsorption kinetics of heavy metal ions by 

various natural adsorbents 

 

5. pHpzc (pH point of zero charge) of 

Adsorbent 

An adsorbent's point of zero charge 

(pHpzc) is a critical parameter in adsorption 

processes, especially in removing metal ions 

from aqueous solutions. The pHpzc is defined as 

the pH at which the surface of the adsorbent 

has a neutral charge [24]. This neutrality implies 

that the adsorbent's surface charge is zero, 

meaning an equal number of positive and 

negative charges are present. 

In the case of the Placuna placenta shell-

based adsorbent studied, the pHpzc was 

determined to be 12, as illustrated in Figure 6. 

This high pHpzc value suggests that the 

adsorbent exhibits strong basic characteristics. 

Consequently, it becomes particularly effective 

in adsorbing cationic species, such as heavy 

metal ions, at pH above pHpzc. 

Theoretically, when the pH of the solution 

is greater than the pHpzc, the adsorbent surface 

acquires a negative charge. This negative 

charge is conducive to attracting and binding 

positively charged metal ions (cations). 

However, practical considerations must also be 

considered, particularly the pH at which metal 

ions precipitate. In the context of lead (Pb) ion 

removal, it is known that lead precipitates at pH 

values above 6. Therefore, even though the 

adsorbent could theoretically adsorb cations 

effectively at pH values above 12, the optimal 

pH for Pb ion removal in practical applications 

would be just below the precipitation point of 

lead, i.e., around pH 6. 

 
Figure 6. pHpzc of Adsorbent 

 

This understanding is crucial in real-

world scenarios where the adsorption process 

must be optimized for maximal efficiency. The 

https://www.sciencedirect.com/science/article/pii/S2589014X21000864
https://www.mdpi.com/2073-4441/14/5/816
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adsorption of cations is generally more effective 

at pH values higher than the pHpzc of the 

adsorbent. In contrast, anion adsorption is more 

favored at pH values lower than the pHpzc. 

Therefore, in designing adsorption systems for 

heavy metal removal, both the pHpzc of the 

adsorbent and the precipitation pH of the target 

metal must be carefully considered to ensure 

effective and efficient removal. 

 

6. TGA of Adsorbent 

Thermogravimetric Analysis (TGA) 

provides valuable insights into materials' 

thermal stability and compositional changes 

under controlled heating. The TGA results for 

the Placuna placenta shell-based adsorbent, as 

depicted in Figure 7, reveal three distinct 

phases of mass loss up to 900 °C, highlighting 

the thermal behavior of the adsorbent and its 

components. 

First Phase (50–650 °C): In this initial 

phase, a minor reduction in the mass of the 

adsorbent, less than 20%, was observed. This 

reduction is primarily attributed to the 

evaporation of water content from the 

adsorbent. Moisture loss is a common 

occurrence in the lower temperature range of 

TGA and is indicative of the physical water or 

moisture present in the material. Second 

Phase (650–850 °C): A significant mass 

reduction of up to 40% occurs in this phase. 

The key process during this interval is the 

decomposition of calcium carbonate (CaCO3) 

into calcium oxide (CaO). This transformation is 

a chemical change where CO2 is released as a 

byproduct, leading to a noticeable decrease in 

the mass of the adsorbent. Third Phase 

(Above 850° C): In this final phase, the mass 

of the adsorbent remains constant, indicating 

that the conversion of CaCO3 to CaO is 

complete. The stability of the mass beyond 

850°C suggests that the remaining material is 

primarily CaO, which is thermally stable at 

these high temperatures. 

The observed pattern in the TGA analysis 

of Placuna placenta shells is consistent with the 

thermal behavior reported for other seashell 

wastes, such as Cyrtopleura costata shells and 

oyster shells. These findings corroborate that 

the primary component of Bivalvia shells, 

calcium carbonate, undergoes a thermal 

degradation process to form calcium oxide. 

This characteristic is crucial for applications 

involving high-temperature processes or 

requiring materials with specific thermal 

properties [25,26]. In the context of heavy metal 

ion adsorption, the thermal stability and 

transformation of the shell material are 

essential for understanding its behavior and 

efficacy as an adsorbent under varying 

environmental conditions.  

 
Figure 7. Thermal Analysis of Adsorbent Curve 

 

7. FTIR Analysis of Adsorbent 

Fourier Transformed Infra-Red (FTIR) 

spectroscopy investigated the functional 

groups in the Placuna placenta shell-based 

adsorbent, focusing on the 400–4000 cm-1 

wavenumber range. Before Pb(II) adsorption, 

the FTIR spectra (Figure 8) displayed several 

key peaks: a peak at 3691.15 cm-1 in the 3000–

https://www.sciencedirect.com/science/article/pii/S0196890416301613
https://link.springer.com/article/10.1007/s12665-010-0674-4
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3750 cm-1 range indicated the presence of 

hydroxyl (-OH) functional groups, essential for 

attracting positively charged Pb(II) metal ions 

due to their negative charge [27]. Another peak 

at 1793.81 cm-1 corresponded to carbonate 

ions (C=O) within the 1650-1900 cm-1 range, 

playing a role in binding Pb(II) ions. The most 

intense peak was observed at 1408.73 cm-1, 

indicating the stretching vibrations of the C-O 

ion group. Additionally, a peak at 873.51 cm-1 

within the 870-880 cm-1 range signified the out-

of-plane formation of C-O bending vibrations 

[28], and a peak at 712.05 cm-1 suggested the 

presence of C-H functional groups. 

Post-adsorption, the FTIR spectra of the 

adsorbent (Figure 9) showed a slight spectral 

shift. Notably, a new peak at 506.94 cm-1 

emerged, indicating the formation of a Pb-O 

bond [29]. This change implies a chemical 

interaction between the adsorbate (Pb(II) ions) 

and the adsorbent. The presence of the Pb-O 

bond, as revealed in the FTIR analysis, was 

further validated by X-ray Diffraction (XRD) 

results, confirming the chemical changes within 

the adsorbent's structure due to Pb(II) ion 

adsorption. This comprehensive analysis 

underscores the effectiveness of Placuna 

placenta shells as an adsorbent in heavy metal 

ion removal, particularly in environmental 

remediation and water purification. 

 
Figure 8. FTIR Spectra of Adsorbent before Adsorption of Pb(II) 

 
Figure 9. FTIR Spectra of Adsorbent after Adsorption of Pb(II) 

https://www.sciencedirect.com/science/article/pii/S0304389409002039
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8. SEM Analysis of Adsorbent 

The surface morphology of the Placuna 

placenta shell-based adsorbent, crucial for 

understanding its adsorption characteristics, 

was examined using scanning electron 

microscopy (SEM). Figure 10 illustrates the 

heterogeneous nature of the adsorbent's 

surface, characterized by granules and 

aggregates. These aggregates are significant 

for adsorption, as heavy metal ions like Pb(II) 

are likely adsorbed on their surfaces. The 

efficacy of adsorption is influenced by the 

surface morphology, where pores and cavities 

within these aggregates play a pivotal role in 

facilitating the adsorption of Pb(II) ions. 

 

Figure 10. SEM Micrograph of Adsorbent 

 

This study's findings align with the 

observed surface morphology of adsorbents 

derived from other shell wastes, such as Ensis 

siliqua, which have been utilized in the removal 

of heavy metals like Cu(II), Zn(II), and Ni(II) 

[30]. The variation in surface morphologies of 

adsorbents from different shell sources can be 

attributed to the differences in their mineral 

contents [31-33]. Such variations influence the 

adsorption capacity and efficiency, underlining 

the importance of understanding the unique 

characteristics of each shell-based adsorbent. 

This knowledge is vital for optimizing their use 

in environmental applications, particularly 

removing heavy metals from aqueous 

solutions. 

 

9. XRD Analysis of Adsorbent 

X-ray diffraction (XRD) analysis was 

performed to ascertain the composition of 

Placuna placenta shell waste before and after 

its exposure to lead (Pb). Figure 11 illustrates 

the XRD results. Predominantly composed of 

calcium carbonate (CaCO3), the Placuna 

placenta shell waste predominantly exhibits two 

phases of CaCO3: the aragonite amorphous 

phase, indicated by peaks around 32°, 36°, and 

48°, and the calcite phase, evident in peaks 

around 23°, 29°, 39°, 43°, and 57° [29]. Before 

Pb exposure, the pure Placuna placenta shell 

showed no traces of heavy metal content. 

 
Figure 11. XRD Patterns of Adsorbent 

https://www.tandfonline.com/doi/abs/10.1080/22297928.2019.1569555
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Several mechanisms might govern the 

adsorption of heavy metal ions on the 

adsorbent surface, including surface 

adsorption, diffusion, and 

complexation/chelation processes. Post-

exposure to Pb, the Placuna placenta shell 

waste demonstrated interaction with the metal, 

as evidenced by lead oxide (PbO) in the 

adsorbent material. This change indicates the 

shell waste's capacity to bind and immobilize 

Pb ions, a key factor in its potential application 

for heavy metal removal from contaminated 

environments. 

 

CONCLUSION 

The research showed that adsorbents 

prepared from Placuna placenta shells can 

remove Pb(II) ions. The heat treatment 

temperature affected the Removal of metal ions 

given the adsorbent, pH, and contact time. The 

most significant Pb(II) removal was obtained 

using Placuna placenta shells prepared with a 

temperature treatment of 800 °C, pH 7, and a 

contact time of 120 minutes. The pHpzc of the 

adsorbent was 12, indicating that the adsorbent 

could potentially remove metal ions. The CaCO3 

content of the adsorbent was observed from 

FTIR analysis; CaCO3 plays an essential role in 

removing Pb(II) ions. XRD strengthened the 

results of FTIR analysis; the adsorbent contained 

CaCO3 in the form of calcite and aragonite. 

.  
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